A combined detection system of simultaneous contactless conductometric and fluorescent detection for capillary electrophoresis (CE) has been designed and evaluated. The two processes share a common detection cell. A blue lightemitting diode (LED) was used as the excitation source and an optical fiber was used to collect the emitting fluorescence for fluorescent detection (FD). Inorganic ions, fluorescein isothiocyanate (FITC)-labeled amino acids and small molecule peptides were separated and detected by the combined detector, and the detection limits (LODs) of sub-µM level were achieved.
Introduction
Capillary electrophoresis has aroused much interest in recently years owing to high efficiency, small sample consumption and short analysis time. As one of the most important parts in CE, detectors have been gaining much attention. Recently, a new type of conductivity detector, referred to capacitively coupled contactless conductivity detection (C4D), has been developed. 1, 2 This detector uses two cylindrical electrodes, which are fixed to the outer wall of the separation capillary with a gap of several millimeters; this simplifies greatly the configuration of detector and avoids any passivation of electrodes.
Due to the diversity of components in real samples, it is usually difficult for an individual detector to accomplish the determination of all components. A combination of two or more detection techniques provides a convenient solution to this detect. For example, UV has been combined with conductivity detection, 3, 4 with amperometric detection 5 and with mass spectrometry 6, 7 for CE. Recently, Jelınek et al. 8, 9 designed a dual photometric-contactless conductometric detector for CE where two detections were simultaneously carried out at the same place in the separation capillary. FD is a highly sensitive and selective, and is frequently used in CE for analysis of the biochemical samples. [10] [11] [12] In this paper we describe a combination detection system of C4D and light-emitting diode (LED)-induced FD for CE.
Experimental

Reagents and solutions
All reagents used were of analytical grade, and deionized (DI) water was used throughout all experiments. Solutions of inorganic ions (10 mM): 0.57 mM FITC (Sigma) in acetone (containing 1% v/v pyridine), 10 mM 2-(N-morpholino) ethanesulfonic acid (MES)-histidine (His) (pH 6.0), and 10 mM Tris-5 mM MES (pH 8.2), were prepared daily. Each was degassed by ultrasonic waves and filtered using 0.45 µm syringe filter. Stock FITC-labeled amino acid and peptide solutions were prepared in accordance with the procedures advised by Ref. 13 . The work solutions were prepared by diluting the stock solutions with DI water.
CE apparatus
A homemade CE system was used for all CE experiments. It included a high-voltage power supply (0 -30 kV, Dongwen, China) unit and a fused-silica capillary (65 cm × 75 µm i.d. × 375 µm o.d., Ldetertor = 53 cm, Yongnian, China). KeFen chromstation (Scien-Tech Instrument Inc, Dalian, China) was used for manipulation and data acquisition.
Combination of two detectors
The electrodes of C4D were two identical stainless-steel tubes (400 µm i.d. × 700 µm o.d.) 5 mm in length, placed 2 mm apart from each other. A thin-grounded copper plane with a 0.4 mm diameter central hole, through which the separation capillary was passed, was placed between the electrodes to minimize the coupling capacitance between the electrodes in air. For the convenience of conducting FD, the copper plane was placed close to the excitation electrode, which was connected to the alternating current signal. The LED-FD was analogous to our previous work.
14 A high brightness blue LED (λmax = 470 nm, 6000 mCd, Shifeng Optic, China) was used as the excitation source. The polyimide coating of the segment of capillary between the electrodes was burned off to form a transparent window. An optical fiber (core 0.2 mm, 0.8 mm o.d., N.A. = 0.22) was fixed perpendicularly against the window (about 1 mm distance) by a methacrylate plate with T-style groove to collect the emitted fluorescence, passing through two pieces of interference filters (λmax = 530 nm; FWHM 30 nm; Huibo, China), to a PMT (R446, Hamamatsu, Japan). To restrict the size of the LED light beam, an aperture of 0.2 mm in diameter was drilled exactly at the center of the cross of the T-style groove. The schematic diagram of the combined detection cell is shown in Fig. 1 .
Results and Discussion
Characteristic of the detection cell of the combined detector
Although the C4D and FD share a common detection cell, the effective cell volume of each is different. The volume of the former, depending on the gap between the electrodes, is larger than that of the latter since one part of the gap is not irradiated by the light from the LED due to the grounded copper plane limitation as shown in Fig. 1 . As a result, the C4D will lead to larger loss of separation efficiency compared with the FD. We compared the separation efficiencies of the two detections according to the C4D and FD yielding response peak to FITC. The plate heights were 4.1 µm with the C4D and 2.6 µm with the FD. The plate height with C4D in CE is acceptable in most of applications and can be improved by using a narrower gap between the electrodes.
Analysis of model samples
The mixture containing six inorganic ions (Li + , Na + , K + , Mg 2+ , Ba 2+ , Ca 2+ ) and FITC was effectively separated and detected by the combined detector in 10 mM MES/His buffer at pH 6.0, where the C4D yielded sensitive response for the ions and the FD responded to FITC (Fig. 2) . The C4D also produced a response peak for FITC; however, the sensitivity was lower than that of the FD. This experiment demonstrates that the combined detector can combine the respective advantages of two detectors and thus is convenient and effective for simultaneous determination of inorganic ions and FITC-labeled substances. It is important that the running buffer for the combined detector must simultaneously satisfy the requirements of conductometric and fluorescent detection, or else the benefits of the combination of the two detection schemes are not obvious.
The validity of determination of inorganic ions by C4D is unassailable, so we further prove the combined detector for analysis of fluorescent substances. Figure 3 shows an electropherogram for four FITC-labeled amino acids (phenylalanine, glycine, tryptophan and lysine) produced by the combined detector using 10 mM Tris-5 mM MES buffer (pH 8.2), where the FD and C4D all produced response peaks to all the amino acids except for lysine were not detected by C4D. It can be seen that the tryptophan and phenylalanine are separated in Fig. 3B , while they cannot be effectively separated in Fig.  3A , because the C4D result has a larger loss of separation efficiency than the FD. Electropherograms of FITC-labeled small molecule peptides with the combined detector are shown in Fig. 4 . The C4D and FD produced responses for Pro-Met, Gly-Tyr and Gly-Thr in 10 mM Tris-5 mM MES buffer. The best pH condition for FITC detection is alkaline; however, the pH of the buffer in Fig. 2B is 6 .0 for separation of inorganic ions, so the noise of the baseline in Fig. 2B is larger than that in Figs. 3B and 4B.
We can see that the peak shape of the analytes obtained with the C4D is different from that obtained with the FD. The peak shape with the former is symmetrical, while the peaks with the FD are tailing except for lysine in Fig. 3 . The difference of peak shapes between the two detections is due to in part the fact that the C4D has a larger cell volume than the FD. In addition, the different operating principles of the two detection modes might also take a role.
The LODs of the combined detector were determined as 0.2 -3 µM for the inorganic ions, 0.8 -2.5 µM for the amino acids and 0.4 -0.6 µg/mL for peptides with the C4D, respectively. The LODs with FD were 0.8 -2.5 µM for amino acids and 0.1 -0.2 µg/mL for the peptides, respectively. The sensitivity of analytes with FD can be greatly improved when a laser instead of an LED is used as excitation source. 
Conclusions
A combined detector with simultaneous FD and C4D is described. The performance of the C4D was unaffected by the presence of the FD, and vice versa. The combined detector can give synchronous response to the analytes of interest and can combine the respective response advantages of two detectors to different analytes. The combined detector can simultaneous respond to ionic and fluorescent compounds, and thus will find applications in environmental and clinical analysis.
